I. Introduction
Photonic band gap materials or photonic crystals (PCs) with large band gap are highly desired in some applications as mirrors, substrates for antennas and waveguides [1, 2] . This can be achieved if a PC has a large PBG along the incident direction. This enlargement can be done in different ways: (i) by stacking together two or more different multilayers, i.e. by using photonic heterostructures, [3, 4] (ii) by increasing the refractive index contrast [5] ; (iii) by using the chirped structure, where the thickness of the period is increased continuously instead of being constant [6] ; (iv) by using the disordered structures [7] ; (v) by introducing defect in periodic structures [8] .
The heterostructure consists of two one dimensional periodic photonic structures with different photonic stop bands. Multiple heterostructures are formed if several 1-D PCs with different layer thicknesses are combined. We found that the band gap of the heterostructures was extended obviously. Heterostructure engineering is now widely practiced, producing the most efficient semiconductor lasers [9] , highest-speed transistors [10] , and novel quantum electronic devices [11] . If the nontransmission frequency range (PBG along the incident direction) of the constituents has a proper lineup, this can be essentially enlarged as desired by using different PCs to form photonic multiple heterostructures. The directional PBGs for different PCs overlap each other at any incident angle. This kind of lineup of PBGs is crucial for the enlargement of the omnidirectional total reflection by using two or more PCs to form photonic heterostructures. The forbidden transmission frequency range will be from the lowest edge of the nontransmission ranges to the highest upper edge of the nontransmission ranges of the constituent PCs. As a result, the frequency range of total reflection in some sense is enlarged for all incident angles. The idea to use photonic multiple heterostructures may provide a simple and effective way to solve the problem of enlarging the nontransmission frequency region, which may have potential applications [7, 8, 12] .
Zhang et al. [12] has demonstrated that it is possible to enlarge the total reflection frequency range by combining two or more PCs (photonic heterostructures) for 1D and 2D PCs in the case of normal incidence. Li Wang et al. [13] have studied the photonic transmission of the heterostructures with defects and shown that the structure can be used for efficient multiple-channeled optical filtering with enlarged nontransmission frequency ranges. Dong et al. [14] have formed a heterostructure by combining two Fibonacci quasi-periodic structures and a periodic structure and a broad omnidirectional reflection band is obtained. The enlargement of omnidirectional total reflection frequency range of a multilayered dielectric heterostructures is theoretically investigated [15] [16] [17] [18] . Three structures of Na3AlF6/Ge multilayer have been studied [15] . The thickness of the two layers of the first and second structure is differing from each other and the third photonic structure is the combination of first and second structures. It is found that the proposed structure has very wide range of omnidirectional reflections bands for both polarizations. Vipin Kumar et al. [16] proposed a simple design of one-dimensional omni-directional reflector based on photonic crystal heterostructures The proposed structure consists of a periodic array of alternate layers of SiO 2 and Te and it has three stacks of periodic structures having five layers each. The lattice period of successive stack is increased by a certain multiple (say gradual constant, δ) of the lattice period of the just preceding stack. It is found that such a structure has wider reflection bands in comparison to a conventional dielectric PC structure. Shiqi Wang et al. [19] proposed a new approach to create OBGs by ternary photonic heterostructures (TPHs). It may provide a powerful technique for designing the structures being able to produce OBGs by use of usual materials, low cost materials and materials with low refractive indices etc.
Here, the photonic band gap of the heterostructure formed by the combination of Fibonacci quasiperiodic and periodic 1-D photonic crystal is theoretically investigated. 
II. Mathematical Formulation

III. Results and Discussion
Here, two dielectric materials MgF 2 and Si are taken whose refractive indices are 1.38 and 3.7 respectively at the wavelength of 700 nm. The structure is supposed to be on a substrate of glass with refractive index 1.5. The thicknesses are taken according to the quarter wave arrangement. Fibonacci structure S 4 and periodic structure S 2 each having 10 periods will be investigated. Here, all the regions are assumed to be linear, homogeneous and non-absorbing.
The omnidirectional photonic band gap for both TE and TM polarization is defined by the upper photonic band gap edge at 90 O incident angle and the lower photonic band gap edge at normal incidence. The omnidirectional photonic band gap for TM polarization lies completely within omnidirectional photonic band gap of TE polarization. Therefore, complete omnidirectional photonic band gap is the omnidirectional photonic band gap of TM polarization. The reflectance spectra of two photonic crystals are shown in figure 1 and figure  2 at different angles. . Hence, omni PBG for any polarization for this periodic structure is 5412 A 0 -7604 A 0 . Comparing the reflectance spectra of the two structures, for the same number of layers, 20, the omnidirectional photonic band gap range is large for the periodic structure as compared to quasi-periodic structure. The reflectance spectra of the third photonic structure which is the combination of Fibonacci quasiperiodic and periodic structure ( figure 3) show that the . Therefore, omnidirectional photonic band gap for any polarization has its range from 4912 A 0 -9123 A 0 for the combined structure. Comparing the reflectance spectra of the three structures, it can be seen that the combined structure has a large omnidirectional reflection range, larger than the sum of the omnidirectional reflection ranges of Fibonacci quasiperiodic structure and periodic structure. Figures  1, 2 and 3 show the conventional photonic band diagrams for the three considered structures. Figure 4 shows that Fibonacci structure has two high reflection bands. But it is clear from the figure that the band at the lower wavelength side does not exhibit an omnidirectional reflection band but the other band at higher wavelength side has an omnidirectional band gap. The periodic structure has only one high reflection band as shown in figure 5 and this band also represents an omnidirectional band gap. Surprisingly, the two bands for Fibonacci structure are on the both sides of the band of the periodic structure. Photonic band diagram for the combined structure is shown in figure 6 . It has only one high reflection band which is very large as compared to Fibonacci and periodic structures. Thus, the two reflection bands formed by the Fibonacci structure are compensated by the reflection band of the periodic structure. So, a large omnidirectional band gap is obtained which encroaches the region of non-omnidirectional high reflection band in the Fibonacci structure. 
